The distribution of the white leaf mark polymorphism of Trjfoliuns repens L. was studied in a lowland pasture in North Wales and in a series of 1 m' quadrats elsewhere in Britain. Each quadrat was subdivided into 10 x 10 cm quadrats to allow the study of pattern. The number of morphs found in a 10 cm square was in the range b5-60 with a mean value of 416. In a 5-year-old seeded ley the mean was 275. The populations consist of a large number of morphs intimately mixed. The frequency distribution of morphs per quadrat differs strikingly from the frequency distribution of species suggesting that some selective force operates to prevent any morphs from dominating the sward even on a local scale. The frequency of morphs bearing leaf marks decreased with increasing grass length suggesting a relationship with grazing. There is a seasonal pattern in the expression of the leaf mark phenotypes and the floristic diversity of such a pasture is therefore represented at three levels, (a) the species present, (b) the genotypes present within each species and (c) the various phenotypic expressions of these genotypes.
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INTRODUcTION
WITHIN plant populations diversity appears at three levels, (a) the diversity of species present in the area, (b) the genetic diversity within each species and (c) phenotypic diversity represented by ages and plasticity of the genotypes present. Populations of white clover (Trjfoliuin rep ens) are characteristically polymorphic for white leaf marks. The white marks appear as bands on the laminae as a result of air spaces within the palisade tissue.
Two linked groups of genes control leaf marking in T. repens (Corkill, 1971) ; the white leaf marks are controlled by multiple alleles at a locus in one of these groups (Brewbaker, 1955; Garnahan et al., 1955) . Seven major alleles are commonly present in natural populations and genotypes can often be identified by the specific pattern of the phenotypic white leaf mark provided that this is fully expressed (see table 1). These leaf marks, together with other leaf characters have been used to identify clones of Trfolium repens in the field (Harberd, 1963) .
In a study of this polymorphism over the natural range of the species (partly based on herbarium material) Pusey (1965) found that the frequencies of the alleles showed gentle dines, the major one being from north Scotland to Afghanistan. However, the existence of dines does not explain the existence of polymorphism. It is doubtful indeed if any extensive survey procedure can reveal the nature of the real factors that balance the survivorship of morphs in a balanced polymorphic system particularly in perennial species. More detailed analysis, with or without perturbation, may be needed to isolate the real events that determine the life and death of individuals. 
The "point" phenotype has been aggregated with the "simple mark" phenotype since simple marks frequently appear identical to "point" marks in the field. This paper describes the intra.specific genetic diversity of some populations of Trfolium rep ens set in the context of the diversity of species and the phenotypic variation within a localised area.
MATERIALS AD METHODS
Most of the studies reported in this paper were made on a field of permanent grassland at Henfaes, Aber, Gwynedd in N. Wales. The history and management of this pasture have been described in Sarukhán and Harper (1973) . Some additional surveys were made on permanent grasslands in other parts of Britain for comparison with the Henfaes pasture.
(i) Toe-point survey A survey was made to discover what variation in the frequency of phenotypes occurred within the field at Henfaes and to determine if this was correlated with grass length or grazing intensity. Samples were taken every three paces across the field and every five paces along the field. The results were then grouped into areas (Cahn, 1976) which are described in table 2.
Sampling (which followed the procedure of Pusey, 1965) involved finding the clover leaf nearest to a mark on the shoe and this was determined at each sample point. If there was no clover leaf within 7cm radius no sample was taken.
Stolons of marked plants occasionally produced unmarked leaves so, when a phenotypically unmarked leaf was found, the stolon was followed backwards and the other leaves checked for the presence of a mark. The field had recently been grazed by sheep and cattle. The grass length at each sample point was recorded on a 4 point scale: I, well grazed <75 cm; 2, lightly grazed 75-l5O cm; 3, ungrazed (more than 15 cm); 4, within 15 cm of a thistle (Cirsium arvense). marine twine. Each quadrat was subdivided into 100 10 x 10 cm subquadrats. The technique allowed accurate re-siting of the quadrats at each time of observation and permitted repeated study of the same sites without seriously disturbing the vegetation of the quadrat: nothing except the marking string protruded above the ground that might affect the behaviour of grazing animals. The marking string disappeared on occasions and the buried tubes were then relocated with a metal detector. For accurate mapping of individual plants a small 10 cm sq quadrat was suspended from the large quadrat.
The number of morphs present was recorded in each of the 10 cm2 quadrats. The density of clover was recorded on a three-point scale and records were also made of flowers, seedlings and any obvious signs of disease. different morphs present differed significantly in different areas of the fieldlargely because of local high frequencies of the rarer phenotypes (table 4a) . This indicates that the leaf mark phenotypes scored are not distributed at random in the sample area. When all those leaves bearing marks were grouped together and the ratio of unmarked leaves was considered, significant differences also appeared between positions in the field (table 4a, column 2). When the long grass areas (A, B, E, F, J, L) and short grass areas (C, D, G, H, K, M) were summed separately, there was clear evidence (P <0.001) of a significant difference between the two groups. The significant chi-squared value in table 4b largely represents an excess of unmarked leaves in long grass areas and of marked leaves in the shorter grass.
At each toe sample the height of grass had been determined in four categories. The frequency of marked and unmarked leaves could therefore be compared with the grass lengths (table 5). The ratio of marked to unmarked leaves (values summed over areas) changed from 2-79 in grass less than 7-5cm high, to 1-69 in grass 7.5-15.0cm high and to 1-30 in grass more than 15 cm high. The ratio close to thistles, which tend to protect against grazing, was 1 -65.
(ii) Detailed maps of pern2anent quadrats
The preparation of detailed maps of morphs was complicated by the frequent failure of leaves to express their mark phenotype. Unmarked clones were recorded in a high proportion of the quadrats. The clarity of marks varies through the year-they are clearest between April and July and least expressed in December and January. An estimate of the seasonal variation in expression was obtained by comparing the frequency with which phenotypes were recorded through the year within the 10cm2 sub-quadrats of a 1 m sq quadrat. These values are shown for an annual cycle in fig. 1 . The maximum number of clones was usually distinguishable in May, June or July followed by a sudden decline to a lower figure. A comparable cycle in the expression of the leaf marks occurred when plants were grown in a cool greenhouse. Not all the phenotypes followed a similar cycle in the fielddifferent morphs varied in the time of year at which they were clearest and most readily recognised ( fig. 2) . The periodicity of expression of leaf marks introduced some problems in identifying clones and two sets of results were therefore produced-maximum and minimum estimates. In the maximum estimate all the phenotypes that might represent separate morphs were counted separately. In the minimum estimate only those phenotypes were counted for which there was indubitable evidence (difference in leaf mark) that they belonged to separate clones. The difference between the two estimates was greater at Henfaes than at the other sites.
An estimate was made of the number of morphs present in different sizes of quadrat. The resulting morph-area curves are plotted in fig. 3 (see Cahn, 1976) . The accuracy with which clones had been identified in the field was checked against the identification of clones from the soil cores which had been propagated in the greenhouse. Wholly accurate identification of these In three quadrats, at Henfaes; Cl, E2 and Gl, the number of accurately identified morphs from the core samples was markedly lower than expectation based on field data. These three quadrats were in relatively dense clover-patches in areas of otherwise low clover density-it is likely that clover density was low in the core samples.
The frequency distribution of morphs in the hundred 10 cm2 subquadrats within each quadrat is shown in fig. 4 . A surprisingly high number of recognisable morphs was present within the sub-quadrats. The frequency distributions of morphs per sub-quadrat have (with the exception of C2) a single mode, suggesting that there is reasonable homogeneity in leaf mark interspersion. C2 was unusual in that it contained a markedly high density of clover and intensity of grazing in one corner of the quadrat. No obvious differences could be detected in the growth patterns of the different morphs in the field. Some of the individual clones were very extensive and presumably very old. One distinctive clone was present at two quadrats, El and E2, 10 m apart. This compares with a clonal spread of 18 m reported for T. repens growing on sand dunes (Harberd, 1963 .) Some of the clones were very disjunct in their distribution while some occupied a restricted area with well-defined edges. However, the clonal spread of individual clones of the rare morphs (Broken Yellow (Y), Filled (F) and Basal (Ba)) was significantly smaller than that of the common ones (unmarked (0) and a simple mark (L)) (Cahn, 1976) . Maps of the clones found at one site in Henfaes field are given in fig. 5 * The size and pattern of distribution of the clones was similar in the different areas (Cahn, 1976) . 4. Dxscusstorc Plants that spread clonally have potentially infinite life and may be expected to prolong the process of competitive elimination of the unfit.
Within a relatively stable community composed largely of clonally spreading species, the number of genotypes present might be expected to decline continuously as the community ages. This has been shown clearly for grasses in sown pastures (Charles, 1964) and in an experimental study of populations of Lolium perenne (Kays and Harper, 1974) while Charles (1968) has shown that this occurs with T. rep ens in the establishment phase of a grass-clover ley. In permanent grassland the input of new genotypes through seedling establishment appears to be extremely rare for many perennial species, e.g. Rumex acetosa and R. acetosella (Putwain and Harper, 1968), Plantago spp. (Sagar and Harper, 1960) . Within the studied quadrats only six seedlings of T. repens * A limited number of copies of maps of the clones found at all the sites studied are obtainable from M. G. C. with some other species e.g. Erica spp. (Webb, 1954 (Webb, , 1958 , Festuca ovina (Harberd, 1962) and Holcus mollis (Harberd, 1967) . Populations of Lysimachia nummularium in Britain are believed to be derived from a very few incompatible clones (G. E. Marks, pers. comm.). However, there is evidence that in some fertile lowland pastures a high diversity of clones may be maintained in some species. At Henfaes at the time of maximum mark clarity we found a mean frequency of 4l6 morphs per 10 cm2 and a mean frequency of 275 at Cae Gwrtiau, a 5-year-old clover/rye grass ley (table 3) . Harberd and Owen (1969) found an average of 52 clones of Festuca rubra per 15 x 15 cm quadrat in a water meadow at Barden Bridge, Yorks. Such a level of diversity is comparable to that reported for T. repens in the present paper. Pusey (1965) had found l99 clones of T. repens per 10 x 10 cm quadrat in a 30 x l2 m area of pasture near Oxford. There is, however, an important difference between the situation in Festuca rubra and in Trjfolium repens. Harberd and Owen (1969) found that the lowest number of clones of Festuca rubra occurred in the areas of highest density of the species: this finding is compatible with a process of competitive exclusion of genotypes. By contrast the intermingling of the leaf marks of T. repens appeared in the present study to be greatest where clover density was high. The linear regression of morph number per quadrat against clover density on a five-point scale is positive (P <00l, t = 14.54) in the Henfaes field.
It is interesting to compare the diversity of morphs with the diversity of species-the contrast between intra-and interspecific diversity. A classical way of describing diversity within a plant community uses the Raunkiaer diagram (Raunkiaer, 1913 (Raunkiaer, , 1918 . The procedure involves dividing the total number of species (or, in this case, morphs) within a community into classes according to their frequency of occurrence. When the percentage occurrence of species is plotted against frequency class, a characteristic J-shaped curve is usually obtained. This procedure has been criticised (Kylin, 1926; Greig-Smith, 1957 ) because the frequency classes do not represent equal ranges ofdensity. Indeed, the highest frequency class includes a wider range of possible densities than the other frequency classes. This criticism is, however, irrelevant for the present purposes; what is important is that the procedure demonstrates a marked difference between the behaviour of species and that of morphs. Figs. 6 and 7 show Raunkiaer diagrams calculated for morphs of T. repens and for species in the Henfaes pasture. The species curves have the characteristic form of a Raunkiaer "Law of Frequencies" with the expected J-shaped curve: morph frequency is quite different and, instead of being J-shaped, shows a continuous decline in the percentage of morphs present in the classes of successively higher frequency.
There is under-representation of morphs that occur at high frequency compared with a similar analysis made on species. There is less obvious dominance shown between clones than between species. In only one of the 12 sites at Henfaes (C2) was one clone clearly dominant. The general picture is of a number of intimately intermingled clones of T. repens, even in the extremely old (900 years) grassland at Port Meadow, Oxford.
There is a clear relationship between the frequency of marks and grass length. In the toe-point samples the data can be classified both according to the nature of the area (table 1) and by the length of the grass at the collection point. In Table 5c , 2 x 2 contingency tables are shown for each grazing régime and it is clear that a significant difference in the marked! unmarked ratio can be found only at grazing regime I, i.e. well-grazed areas.
Since the frequency of marked leaves is higher in short, well-grazed pasture, this suggests that marks provide some protection from grazing. If this is the case it might be expected that in ungrazed pastures there would be a few dominant clones and a low frequency of morphs. This hypothesis is difficult to test because if grassland is not regularly defoliated T. repens rapidly disappears. At Henfaes, site C2, the only site with a single dominant clone, grazing was relatively slight; there are relatively few clones at the Lugg Meadows site which is only grazed in the autumn when marks are not clearly expressed. In mown pastures or lawns where defoliation is not selective, but has been long continued, a convenient comparison could be made with the grazed condition. There seem, however, to be exceptionally few situations in which a regularly mown grassland has not been treated with selective herbicide. A subsequent paper describes experiments that suggest that the selective grazing of sheep may be sufficient to balance the leaf mark polymorphism of Trfo1ium repens in pastures and account for the fine ecological grain of the phenomenon.
